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Additional analysis for determination of k1 and k3
The data collected using the lowest and highest [CH3OH] and [CH3CHO] at T = 230 K
were chosen to compare the values of the fitted rate constants using the pseudo-first order
approximation with and without subsequent HO2 removal, and the values obtained by
fitting the data using a kinetics model, which included second-order HO2 loss terms. The
data with the lowest and highest [CH3OH] and [CH3CHO] at T = 230 K have the least
and most influence, respectively, from subsequent HO2 loss via the adduct reactions (R9
and R10). Figure S1 shows the data obtained under these two extremes for [CH3CHO] = 0
(Figure S1(a)) and for [CH3CHO] 6= 0 (Figure S1(b)).
Each data curve was fitted with a biexponential function given by Equation S1:
[HO2] =
k
′
1[Cl]0
k′eff,loss − k
′
eff,form
(
e−k
′
eff,formt − e−k
′
eff,losst
)
(S1)
where k
′
1 = k1[CH3OH], k
′
eff,form is the effective pseudo-first order rate constant for the
formation of HO2 (i.e., k
′
eff,form = k
′
1 for [CH3CHO] = 0 and k
′
eff,form = k
′
1 + k
′
3 for [CH3CHO]
6= 0), and k′eff,loss is the effective pseudo-first order rate constant for the loss of HO2. While
the single exponential functions (Equation 11 and Equation 12) assume no subsequent
HO2 removal, the biexponential function includes first-order loss terms for HO2 removal.
The rate constants obtained from the biexponential fits were compared to the values
obtained by fitting the HO2 decay curves with a kinetics model using the FACSIMILE
software. The kinetics model included R1-R4, R7, and R8, as well as the reactions of OH
with CH3OH and CH3CHO. The rate constant for R7 (k7) was taken to be the effective
bimolecular rate constant for the HO2 self reaction, which included rate enhancement by
both CH3OH and CH3CHO52. The values for the branching yields of R4, and the rate
constant and branching yields for R8 were determined in a previous study15. All other
rate constants were taken from the JPL or IUPAC data evaluations42,43. k1 was the varied
parameter for data taken in the absence of [CH3CHO]. For data taken in the presence of
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(b)
Figure S1: HO2 signals in the absence (a) and presence (b) of [CH3CHO] at T = 230.3 K,
using the lowest (blue circles) and highest (grey circles) [CH3OH] and [CH3CHO]. The
data is well-described by both the biexponential fits (solid lines) and the FACSIMILE fits
(dashed lines). [Cl]0 = 1.8× 1013 molecule cm−3.
[CH3CHO], k3 was the varied parameter and k1 was fixed to the value determined in this
work.
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As shown in Figure S1(b), excellent fits to the data were obtained from both the
biexponential function fits (solid lines) and the FACSIMILE fits, which included second-
order HO2 loss (dashed lines). Table S1 compares the fitted values of k1 and k3 obtained
from the single and biexponential fits to those obtained from the FACSIMILE fits. All three
fitting methods produce consistent values of both k1 and k3.
Table S1: Comparison of fitted values of k1 and k3 (units: 10−11 cm−3 molecule−1 s−1)
Concentration Single exponentiala Biexponentiala FACSIMILEb
(1015 molecule cm−3) fit fit fit
k1
[CH3OH] = 3.1 5.26± 0.31 5.11± 0.26 5.42± 0.10
[CH3OH] = 8.5 5.62± 1.0 6.08± 0.54 6.12± 0.18
k3
[CH3OH] = 3.1 8.81± 1.1 8.76± 1.1 8.16± 0.41[CH3CHO] = 1.0
[CH3OH] = 5.1 8.76± 1.1 8.23± 1.7 8.41± 0.67[CH3CHO] = 1.4
a Uncertainties (1σ) include systematic errors as described in the main text.
b Uncertainties (1σ)only include errors from the fit.
This assessment demonstrates that even in the “worst-case” scenario (e.g., lowest
temperature and highest [CH3OH] and [CH3CHO]), the values of the rate constants
obtained by fitting the data with the simplified single exponential function are consistent
(within experimental uncertainty) with those obtained using a biexponential function.
Furthermore, the agreement in the values obtained from the FACSIMILE fits shows that
second-order losses of HO2 are not significant, even at the lowest temperature and highest
[CH3OH] and [CH3CHO].
Rate constant of Cl + CH3OH (k1)
A complete list of experimental conditions used for the determination of k1 is provided
in Table S2. The values of k1 (1σ uncertainties) were determined from the total linear
least-squares fits to the pseudo-first order plots, as described in the main text.
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Table S2: Full list of experimental conditions for determination of k1 from data col-
lected with [CH3CHO] = 0. Values of k1 determined from pseudo-first order analysis
are also provided with 1σ uncertainties.
T (K)
[O2] [Cl2] [CH3OH] [Cl]0 k1
(×1018 cm−3) (×1015 cm−3) (×1015 cm−3) (×1013 cm−3) (×10−11 cm3 s−1)
297.1± 0.2 1.58 5.30 2.99 19 5.58± 0.18
3.90
3.94
5.28
7.04
8.84
294.8± 0.2 1.58 1.49 2.60 4.5 5.53± 0.21
2.95
3.86
5.03
6.04
7.49
280.2± 0.1 1.66 1.56 2.98 5.1 5.21± 0.16
4.01
5.04
5.97
7.00
8.01
2.30 6.96 8.0
3.03 6.97 10.
3.81 7.01 13
269.8± 0.6 1.72 1.20 2.45 5.3 5.44± 0.14
4.08
5.54
6.09
1.62 2.99 5.3
1.61 5.01 6.0
6.03
2.12 9.13 7.5
2.44 4.32 9.0
5.02
260.1± 0.1 1.79 1.68 3.38 6.0 5.33± 0.17
4.33
6.47
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T (K)
[O2] [Cl2] [CH3OH] [Cl]0 k1
(×1018 cm−3) (×1015 cm−3) (×1015 cm−3) (×1013 cm−3) (×10−11 cm3 s−1)
8.01
3.02 7.07 10.
2.32 7.09 7.9
3.81 7.09 12
3.81 6.01 12
250.4± 0.1 1.86 1.93 5.21 7.1 5.42± 0.15
6.27
7.83
10.1
12.1
3.54 6.38 12
9.61
10.7
5.29 4.58 18
5.71
7.39
8.61
9.65
10.7
240.3± 0.1 1.93 1.82 2.95 5.0 5.34± 0.23
4.01
4.97
6.00
6.47
2.30 4.80 5.7
3.04 4.80 7.3
3.81 4.80 9.0
230.3± 0.1 2.02 1.90 2.43 5.2 5.99± 0.21
3.03
3.96
1.13 3.96 3.1
4.51
5.51
0.85 5.51 1.9
6.49
0.75 3.07 1.8
4.06
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T (K)
[O2] [Cl2] [CH3OH] [Cl]0 k1
(×1018 cm−3) (×1015 cm−3) (×1015 cm−3) (×1013 cm−3) (×10−11 cm3 s−1)
4.51
5.54
6.48
7.54
8.46
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Rate constant of Cl + CH3CHO (k3)
Table S3 shows a complete, detailed list of the experimental conditions that were used
for the determination of k3. Values of k3 and k1 (1σ uncertainties) listed in this table were
determined from the slopes and intercepts, respectively, of the total linear least-square fits
to the plots of keff versus [CH3CHO] for data sets with a fixed [CH3OH] (data sets with less
than four different values of [CH3CHO] for a given value of [CH3OH] were omitted for
this analysis). This is only to demonstrate that k1 derived from the intercept was consistent
with the value determined in the experiments carried out in the absence of CH3CHO. The
final values of k1 at each temperature were derived from the analysis method described in
the main text and are listed in Table 3.
Table S3: Full list of experimental conditions and for the determination of k3. Values
of k3 and k1 (1σ uncertainties) listed here are the slopes and intercepts, respectively, of
the total linear least-square fits to the plots of keff versus [CH3CHO].
T (K)
[O2] [Cl2] [CH3OH] [CH3CHO] [Cl]0 k1 k3
(×1018 cm−3) (×1015 cm−3) (×1015 cm−3) (×1015 cm−3) (×1013 cm−3) (×10−11 cm3 s−1) (×10−11 cm3 s−1)
297.1± 0.2 1.58 3.02 3.90 1.74 4.5 5.24± 0.10 8.16± 0.25
5.29 3.90 0.71
1.75
3.42
5.22
294.8± 0.2 1.58 1.49 3.00 0.92 4.5
1.22
1.53
6.08 0.92 5.41± 0.24 7.89± 0.82
1.23
1.53
1.83
2.14
2.43
2.72
3.03
280.2± 0.1 1.66 1.56 2.97 0.95 5.1
1.26
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T (K)
[O2] [Cl2] [CH3OH] [CH3CHO] [Cl]0 k1 k3
(×1018 cm−3) (×1015 cm−3) (×1015 cm−3) (×1015 cm−3) (×1013 cm−3) (×10−11 cm3 s−1) (×10−11 cm3 s−1)
1.58
4.00 0.95
1.27
1.59
4.50 0.96
1.27
4.99 1.93
269.8± 0.6 1.72 1.61 6.06 1.18 6.0
1.55
1.96
2.12 4.92 1.19 7.5 5.14± 0.68 8.05± 1.65
1.95
2.34
3.15
3.96
5.11
1.62 2.45 0.97 5.3
1.32
2.99 1.33
1.67
4.01 1.01
1.66
2.00
260.1± 0.1 1.79 1.68 3.44 1.21 6.0 5.26± 1.11 8.06± 2.17
1.62
2.03
2.44
2.87
3.25
4.40 1.19 5.31± 0.98 8.36± 2.24
1.51
2.02
2.59
3.24
3.89
250.4± 0.1 1.86 1.93 5.23 1.26 7.1 5.46± 0.73 8.54± 1.44
2.52
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T (K)
[O2] [Cl2] [CH3OH] [CH3CHO] [Cl]0 k1 k3
(×1018 cm−3) (×1015 cm−3) (×1015 cm−3) (×1015 cm−3) (×1013 cm−3) (×10−11 cm3 s−1) (×10−11 cm3 s−1)
3.80
5.06
6.34
7.55
8.43
3.54 6.35 2.06 12 5.70± 0.94 7.95± 1.61
3.29
4.18
5.41
6.80
8.43
240.3± 0.1 1.93 1.82 2.96 0.98 5.0
1.30
1.62
1.95
3.47 1.11
1.50
1.95
2.28
5.98 0.98 5.50± 0.40 7.92± 1.23
1.31
1.64
1.95
2.28
2.61
2.94
3.25
3.88
4.56
230.3± 0.1 2.02 0.75 3.08 1.04 1.8 5.49± 1.38 8.71± 3.03
1.40
1.74
2.80
2.44
4.05 1.04 5.56± 1.15 7.84± 2.91
1.74
2.09
2.45
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T (K)
[O2] [Cl2] [CH3OH] [CH3CHO] [Cl]0 k1 k3
(×1018 cm−3) (×1015 cm−3) (×1015 cm−3) (×1015 cm−3) (×1013 cm−3) (×10−11 cm3 s−1) (×10−11 cm3 s−1)
2.79
5.10 1.03
1.37
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